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APPARATUS FOR ADDING ELECTRONIC
DISPLAY INFORMATION TO A NIGHT VISION
GOGGLE DISPLAY
The invention described herein may be manufac-
tured and used by or for the Government for govern-

mental purposes without the payment of any royalties
thereon or therefor.

FIELD OF THE INVENTION

This invention relates to night vision goggles and,
more particularly, to apparatus for adding electronic
display information to a night vision goggle display so
that outside scene and electronically generated infor-
mations can be viewed substantially simultaneously, or

- alternately, if desired, without removing the goggles.

BACKGROUND OF THE INVENTION

As 15 well known and understood, night vision gog-
gles are often used in military applications with heli-
copters operating by moonlight or starlight. Such gog-
gles contain two monocular assemblies, each having an
objective lens, an image intensifier tube assembly, and
an eyepiece — with the objective lens receiving the
available light input and imaging it onto the intensifier
tube for amplification to a level at which the user can
view 1t through the eyepiece. However, because the
goggles are generally of a fixed focal length, difficulties
have been experienced by the wearer in switching focus
from an outside scene to an instrument panel or to a

- hand-held map, for example, in a helicopter cockpit.

Discarding the goggies for such close viewing as the
latter 1s'not generally acceptable, because without the
goggles, the Instrument panel, map, etc., must first be
tlluminated for direct viewing, and such illumination
can, in fact, be visually detected by enemy forces.
While the use of bifocal lenses on the night vision gog-
gles provides some solution to the focus problem, it is
achieved at the expense of reducing the available lens
area providing the desired field-of-view, and the depth
of field 1s restricted within narrow limits.

v SUMMARY OF THE INVENTION

As will become clear hereinafter, the apparatus of

the present invention permits adding electronic display
information (e.g., map, instrument panel, target reti-
cle) on the field-of-view seen through the night vision
goggle aisplay. The electronically generated informa-

‘tion may be initially displayed on a remotely located

cathode-ray tube having a fiber-optic face-plate, and
then transmitted by a detachable, fiber-optic conduit to
be injected at one of the monocular eyepieces of the
night vision goggles, bypassing its associated image
intensifier assembly. An additional lens is incorporated
at the end of the conduit closest to the goggles, in order
to magnify the image provided along the conduit, and
to place 1t at infinity with respect to the eye. In one

version of the invention, a semi-transparent mirror or |

beam-splitting prism can be used at the eyepiece of the
monocular assembly to permit super-position of the
auxiliary generated information on the object scene. In

an alternative embodiment, a right-angled reflecting

prism is employed where super-position of images is
not required. in either configuration, detent mecha-
nisms may be employed so as to slide the mirror or
prism out of the goggle structure when only the outside
scene is to be viewed.
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BRIEF DESCRIPTION OF THE DRAWING

These and other features of the present invention will
be more clearly understood from a consideration of the
following description, taken in connection with: the
accompanying drawing, in which:

FIG. 1 1s a schematic diagram of the optical system of
a known pair of might vision goggles;

FIG. 2 is a schematic diagram illustrating the concept
of electronic data mmage injection into the night vision
goggles 1n accordance with the invention; and

FIGS. 3-5 illustrate system confi gurations in which
the apparatus of the present mventmn 1§ particularly
useful.

DETAILED DESCRIPTION OF THE DRAWING

The night goggle optical system of FIG. 1 (not o
scale) contains two monocular assemblies 10, 12, cach
having an objective lens 14, an image intensifier tube
16, and an eyepiece 18. The objective lens 14 is of fixed
focal length, and provides a real inverted image of an
outside scene 20 at the input of the image intensifier
portion 16a of the tube 16. The intensifier portion a
amplifies the image of moonlight or starlight level, and
presents it as such to the rotator portion 164 of the
intensifier tube 16. Such rotator portion 16b may be a

- fiber-optic_bundle-that-has_been twisted 180° i manu-
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facture to compensate for the inversion of the objective
lens 14 and to provide the image in correct orientation
for viewing by the eye 22. The image output of the
rotator portion 165 is magnified by the eyepiece 18,
which 1s selected to provide an image 24 at infinity with
the same angular subtense at the eye as the outside
scene 20. |

The night vision goggles are typically strapped to a
pilot’s or copilot’s head, under the lip of the helmet
being worn, and are not intended to be continually
removed and then replaced. Because the objective lens
14 15 of a fixed focal length, difficulties in focusing have
been encountered if the object scene 20 were at one
time a different object (outside a helicopter cockpit, -
for example), at another time an instrument panel lo-
cated at a closer, but fixed distance away, or a map
which 1s being moved back and forth for best viewing,

The schematic diagram of F1G. 2 illustrates a modifi-
cation of the night vision goggles in order to provide
additional information injection — e.g., map informa-
tion, instrument-panel readings, target reticles, symbol-
ogy — and 1n a manner wherein the internal workings
of the goggles are changed as little as possible. Before
considering such modification, however, it will be un-
derstood that a possible alternative, (i.e., constructing
a semi-transparent mirror and/or prism arrangement to
superimpose pictorial or electronically generated infor-
mation onto the outside scene in front of the objective
lens 14), suffers from the disadvantage that although
the weight of the added components may be small, the
large moment-arm established with respect to the head
of the wearer will increase an already heavy strain
produced upon the neck muscles because of the weight
of the goggles themselves. Also, some sensitivity would
be lost because of the attenuation characteristics of the

- semi-transparent mirror in superimposing the two in-

65

formations, and it presents the possibility that the auxil-
lary image illumination might be detected from the
outside. Although the mechanism for superposition of
the auxiliary information can be added to the goggles in
stmple manner, this suggested modification suffers the
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- furthér disadvantage that if the electronic circuitry or

4 ;

the image-tube in the night vision goggles were to fail,
the external scene and the auxiliary informations would
both be iost — the only way a pilot could then fly the
aircraft would be for him to remove the goggles, so as
to be able to see, but at the same time putting him in a
low-light-level environment where his perception
would be extremely poor.

The apparatus of the present invention, on the other

hand, modiiies the night vision goggle construction by
injecting the pictorial or electronically generated infor-

mation after the eyepiece 18, thereby bypassing the
electronic workings of the goggles. If the electronics of
the goggles were then to fail, symbology information
could be retained — and could serve as a navigational
aid, for example, If it were in the form of a map having
computer mput information showing the location and
heading of the aircraft on the display. Besides providing
a means of controlled navigation in a nighttime envi-
ronment in such instance, the apparatus also suffers the
advantage of reduced muscle strain consistent with a
decreased moment-arm. Additionally, the auxiliary
information can be provided at a higher light intensity
at the output of the itensifier tube, thereby permitting
more tlexible operation of the symbol generation
equipment, which otherwise would have to be operated
at low levels were the information inserted at the input
end, in order to prevent saturation of the intensifier-
tube display.

In the schematic diagram of FIG. 2, a high resolution
cathode-ray tube 40, i1s shown, having a fiber-optic
faceplate and a high-brighiness, green-fluorescent
phosphor, such as P31 or P45. Gne end of a fiber-optic
conduit 42 is mounted in direct contact with the face-
platé, whercas the other end is fixedly secured to a
barrel assembly 46 arranged to attach to the right mo-
nocular assembly 48 of the night vision goggle 50. The
phosphor for the faceplate 1s selected of a fluorescence
to match, as closely as possible, the fluorescence of the
image intensifier tube of the goggles 50, while a fiber-
optic faceplate is employed to eliminate the need for a
relay, or transfer, lens to focus the image of the cath-
ode-ray tube onto the conduit fibers, with the conse-
quent light attenuation which results and the additional
space required.

Although not shown, 1t will be understood that con-
ventional video generating and processing circuits are
used with the cathode-ray tube 48 to provide the picto-
rial or electronic 1mage display to be added to the ob-
ject scene. In one arrangement of the apparatus, a
fiber-optic conduit of 8 by 10 millimeter image format
Is employed, having some 675,000 fibers of 10 microm-
eter diameter each. A lightweight armored, but flexi-
ble, shield surrounds the conduit 42, selected of some 4
feet in length.

In the barrel assembly 46, a further lens 52 and a

reflecting means 54 (here shown as a flat mirror) are

included. The fiber-optic conduit 42 is rigidly attached
In accurate orientation to this assembly, comparable to
the rigidly secure orientation of the conduit 42 to the
cathode-ray tube faceplate. The added lens 52 is simi-
lar in function to the eyepiece 18 of FIG. 1, to magnify
the image at the end of the fiber-optic conduit 42 and
to focus 1t at infinity. Preferably, the auxiliary barre]
assembly 20 may be attached, by way of a key locator,
to a quick-disconnect type socket on the right assembly
48 of the goggles 50.
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In particular, the auxiliary barrel 46 connects to the
right assembly 48 so as to insert the reflecting means 54
between 1ts eyeplece 138 and the eye 22, To this end, the
eyepiece 18 i1s selected of an eye-relief space suffi-

ciently long to permit the right angle reflecting reflect- -

ing means 54 to be mserted, or removed, from behind
the eyepiece lens. Thus, for the special application of
image injection with night vision goggles, it is important
that there be sufficient space for the eye-lens system 1n

which modifications can be made to provide auxiliary
information Injection, without modifying the internal

workings of the night vision goggles. In one adaptation
of the present invention, where auxiliary information is
to be viewed superimposed on the image of object
scene seen through the goggles, available AN/PVS-3
night vision goggles can be modified to insert a reflect-
ing means 54 1n the form of a partially reflecting, par-
tially transmitting, semi-transparent mirror or prism. I
a prism 1s used, it must be a beam-splitting prism for
this adaptation.

In another adaptation of the present invention, avail-
able AN/PVS-5 night vision goggles were modified to
insert an eyepiece of greater eye-relief distance than
employed in normal usage, 25mm instead of 1 7mm, —
the “‘eye-relief” distance being understood as that
space between the rear of the eyepiece 18 and the front
surface of the eye 22 within which an entire field of
view of the optical system can be seen, without vignett-
Ing or any substantial cutting-off of the outer portions
of the image. A shde lever, or other appropriate detent
mechanism, 1s employed to move the reflecting means
54 into the optical path of the right assembly 48 to
permit, at such time, viewing of the injected image. The
reflecting means used here 1s a totally reflecting mirror
or totally reflecting prism, instead of a partially reflect-
ing, partially transmitting, semi-transparent mirror, So
that only auxiliary image information will be seen
through the right eye when the auxihiary barrel 46 is
operative, The use of a totally reflecting prism further
proviaes an optical effect which increases the eye-relief
distance and permits additional optical modifications
without deleteriously affecting the ultimate image visi-
bie to the eye. More particularly, by inserting a prism of
dense optical matertal having an index of refraction
greater than 1.0, the exit pupil can be moved further
back towards the eye, by a distance which depends
upon the specific index of refraction of the material
employed.

Another feature of the present invention is the added
inclusion of a similar block of optically dense material
inserted permanently in the optical path of the left
assembly 56, through which the outside scenc contin-
ues to be viewable. Thus, with the prism 54 1n place,
the effective ¢ye-relief distance will be the samie for the
auxiliary mformation viewed through the auxiliary as-
sembly 46 and for the object scene viewed through the
left assembly 56. Additionally, the prism detent ar-
rangement can be such that if the object scene were to
be viewed through the right assembly 48 without any
pictorial information — 1.e., with the prism 54 out of
the optical path —, the mechanisms can be configured
to insert a second optically dense material between the
eyepiece 18 and the eye 22 viewing through the right
assembly 48 so that the eye-relief distance will continue
to be the same for both right and left optical paths.
Alternatively, if 1t should become disturbing to view
scene Information through the left assembly 56 with
pictorial information viewed through the auxiliary bar-

e
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rel 46, then the prism-slide mechanism, when acti-

vated, could be.such as to shutter the left assembly 56
by means of an additional attachment in order to block
the left assembly view at that time. |

in actual operation, the cathode-ray tube 40 can be
mounted anywhere within the helicopter cockpit — at
a back wall, for example — with the conduit 42 then
being snaked over to a mounting frame on the night
vision goggles, the conduit being physically supported
In part at some point within the cockpit. In order for
the conduit 42 to enter at the proper angle to the objec-
tive lens 18 of the right assembly 48, the conduit 42
must be securely and reliably oriented; alternatively, an
additional lens and mirror could be employed to pro-
vide a right angle turn for the injection so as to provide
flexibility in the manner by which the conduit is sup-
ported and connected. In the operation of the appara-
tus, 1a brightness control for the image may be pro-
vided on the cathode-ray tube itself, or on the night
vision goggle mounting, conveyed via low voltage
means {o the cathode-ray tube along electrical wirings
strung along with the conduit 42. A rotatable polaroid
filter attenuator might be employed instead, although it

-suffers the disadvantage of discarding half the available

light at maximum transmission. A variable-aperture
irts-diaphram at an out-of-focus location in the optical
path may alternatively be employed. |

The arrangements of FIGS. 3-5 illustrate manners in
which the apparatus of the present invention could be
utilized. In FIG. 3, the contact-world object scene 60 is
applied via the image intensifier optics of the night
vision goggle 62 to the ieft assembly eyepiece 64, while
the cathode-ray tube imformation displayed at 66 is
coupled by the fiber-optic bundle 68 and the auxiliary
barrel 70 to the eye, injected after the right assembly
eyepitece 72, An appropriate navigation system 74,
Doppler/Loran, for example, provides coordinate in-
formation to an airborne flight computer 76, which
provides target reticle, map, or symbology information

~In digital form to be converted, via a digital-to-video

interface 78, for display on the cathode-ray tube 66.
Aircraft heading information, obtained from a direc-
tional gyroscope (or from other appropriate terminal
equipment) provides a modification to the computer
generated display, in order to portray an accurate pic-
ture not only as to aircratt position but as to directiion,

as well. Thus, if the computer were generating a map of

upcoming terrain, the aircraft heading mmformation
provides a correlation as to the direction the aircraft i1s
moving. In this arrangement, the cathode-ray tube dis-
play might be of the size of a 16mm movie slide, so that
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magnification at the end of the fiber-optic bundle 68 1s

necessary, and is provided by the afore-described lens

which also focuses the image at infinity.
In the arrangement of FIG. 4, the contact-world ob-

53

ject scene 8@ is again transmitted to the left assembly

eyepiece 84 by means of the image intensifier optics
82. A target location/designation system, e.g. radar, 86
provides the primary information flow, via the cathode-
ray tube 88, the fiber-optic bundle 90, and the auxiliary
barrel 92, to the eye after the right assembly eyepiece

94. This arrangement is particularly attractive for use -

by the copilot of the aircraft, in that it presents a capa-
bility for his quick reaction transition to the contact-
world outside the aircraft should the pilot be injured.
With this arrangement the copilot can quickly assume
the pilotage responsibility.

60
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The arrangement of FIG. 5 shows a similar display
concept, for use by the pilot, himself. Here, the pilotage
information can be provided by a forward-looking in-
frared detection system 160, for example, for mixing
with electronically generated instrument panel,-map,
for target-reticle information via a video mixer 102, as
supplied from a symbology type generator 104. The
cathode-ray tube 166, the fiber-optical bundle 108, and
the auxiliary barrel 110 convey this information to the
eye, being injected after the right assembly eyepiece
112, to be viewed along with the contact-world scene
114 coupled via the imtensifier optics 116 to the left
assembly eyepiece 118. As with FIG. 4, the image-
Intensifier path 116 could thus serve as a quick-reac- -
tion backup mode to a pilot in the event his in{rared
navigational system should fail.

While there has been described what is considersd to

be a preferred embodiment of the present invention, it
will be readily understood that modifications may be
made by those skilled 1n the art without departing from
the scope of the teachings herein of providing auxiliary
information into a night vision goggle setup, in a conve-
nient manner, yet without modifying the internal work-
ings of the goggles to any significant extent, if at all. For
example, 1t will be seen that the reflecting prism 54 of
FIG. 2 might be replaced in the auxiliary barrel assem-
bly 46 by a-semitransparent mirror, so as to provide a
superposttion of the auxiliary image information with
the outside scene viewed through the right assembly 48
of the night vision goggles 50. With the configuration of
FIG. 2, on the other hand, it becomes permissible to
cycle back and forth between auxiliary information and
scene information, and at a controliable rate, if desired.
ror these reasons, the scope of the invention is to be
viewed 1n light of the claims appended hereto.

I claim: |

1. In combination: a pair of night vision goggles of the
type used to view an object scene of low light-intensity
and containing two monocular assemblies, each having
In the optical path thereof an objective lens, an image
intensifier tube assembly, and an eyepiece lens; and

means for viewing auxiliary information in addition

- to said object scene and including reflecting means

for selectively injecting the auxiliary information at
a position 1n satd optical path of said night vision
goggles subsequent to the eyepiece of at least one
of said two monocular assemblies.

2. The apparatus of claim 1 wherein said reflecting
means Is totally reflective.

3. The apparatus of claim 2 wherein said reflecting
means mclides a right-angled reflecting prism for
blocking the optical path through said one of said two
monocular assemblies with which said prism is opera-
tive.

4. The apparatus of claim 3 wherein said reflecting
means further includes means for inserting an optical
material into the optical path of the other said two
monocular assemblies of index of refraction substan-
tially equal to that of said reflecting prism.

3. The apparatus of claim 1 wherein said viewing
means includes display-tube means at which the auxil-
lary information is first generated for viewing and fiber-
optic conduit means for coupling said display-tube
image for injection at said optical-path position of the
night vision goggles.

6. The apparatus of claim 5§ wherein said display tube
means Includes a cathode-ray tube having a fiber-optic
faceplate, which is contact-coupled to the fiber-optic
condutt,
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7. The apparatus of claim & wherein lens means are
included to magnify the displayed image coupled via
satd fiber-optic conduit means, and to focus said image
at infinity.

3. T'he apparatus of claim 5 wherein said display tube
means inciudes a cathode-ray tube having a fiber-optic
faceplate and wherein a transfer lens is included to
project the image from said faceplate upon said fiber-
opiic conduit means.
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9. The apparatus of claim 1 wherein said injecting
means includes a semi-transparent reflecting means
operative to inject the auxiliary information at a point
subsequent to the eyepiece of one of said monocular
assemblies, and before the eyes of the person viewing
said object scene, so that the auxiliary mnformation is
viewed superimposed on the image of the object scene

seen through the goggles.
% & k¥ ¥
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